Ribonucleic acid (RNA) isolated from Escherichia coli W3350 (F-, argE+C+B+H+), in the absence of L-arginine, hybridizes with the separated leftward (I) and rightward (r) transcribing strands of the arginine transducing phage h480dargE+C+B+H+ ppc+immAC'857 deoxyribonucleic acid (DNA) with a ratio of 30:70, respectively. In the presence of L-arginine and its intermediates, L-ornithine and L-citrulline, RNA transcriptions from both the strands of the argECBH cluster were repressed. The derepressed RNA, when hybridized with the separated strands of h480dargEC-I immA phage DNA (the arginine genes are inversely inserted in this phage), which has a deletion in gene E and extends to gene C of the argECBH cluster, showed no leftward transcription, whereas the rightward transcription was reduced to about 40% of that when the DNA carrying the entire ECBH cluster was used for hybridization. The hybridization results thus demonstrate that (i) the regulation of the argECBH gene cluster in E. coli is under transcriptional control, (ii) the orientation of transcription is divergent, (iii) E gene transcribes anticlockwise, whereas the rest of the genes, C, B, and H, transcribe clockwise, and (iv) the position of the promoter(s) and operator(s) is located between the E and C genes of the argECBH cluster.
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Arginine biosynthesis in Escherichia coli K-12 is mediated by nine structural genes, four of which are linked to form the argECBH cluster situated at 77 min of the E. coli chromosome (15) . These genes are under the repressive control of argR gene product (3) . The argR gene is located at a separate site on the chromosome (7, 12, 14) . The evidence that the expressions of argCBH genes are controlled coordinately with each other, but noncoordinately with that of argE, has been reported previously (5) . Jacoby (11) , Elseviers et al. (4) , and Bollon and Vogel (2) have presented genetic evidence that, like the biotin genes of E. coli (8) , the argECBH cluster is transcribed divergently. They have suggested further, from the analysis of cis-dominant regulatory mutations in the cluster, that the transcription proceeds from an internal promoter-operator complex situated between argE and argC genes. These findings led us to investigate the transcription from the argECBH cluster and characterize the messenger ribonucleic acid with respect to its orientation by hybridizing with the separated strands of arginine transducing phage deoxyribonucleic acid (DNA). Our results show that the expression at the genes of the argECBH cluster in E. coli is under transcriptional control and the orientation of transcription is divergent-the gene E transcribes leftward (anticlockwise), whereas the CBH genes transcribe rightward (clockwise, Fig. 2 ).
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used were: E. coli W3350 (F-, arg+, gat-, bio+) obtained from the laboratory; the double lysogens M5 (h480 imm^cIS57, h480 dargE+C+B+H+ppc+ imm^cIs?7), which carries a defective arginine transducing phage, and MN42 X-(h4,80 immXc'8I7, h480 dargEC-I ppc+ immA), which carries a defective arginine transducing phage with a deletion in argE and extending into argC genes. The orientation of the argCBH cluster in the transducing phage is the reverse of the arg cluster in E. coli chromosome, that is, the cistrons are oriented as argHBC in the transducing phage (our observation and W. Maas' personal communication). These two lysogens were kindly supplied by N. Glansdorff.
Chemicals and reagents. All chemicals used, including L-arginine monohydrochloride (BDH BioChemical), L-(1)-ornithine monohydrochloride (Baker), and L-citrulline (Sigma Chemical Co.), are commercially available.
Preparation of the helper h480 immAcIC'7 and the defective arg phage h$80 darg immAC1s57. The 4 and Szybalski (10 Fractions of 90 Aliters were collected by puncturing the bottom of the tube and OD,,0 of each fraction was taken. The two fractions containing I and r strands were separated well enough for the preparative work (as shown in Fig. 1 ). The strands were also separated by using the ribopolymer poly U,G instead of poly U.
In this case, the density difference between the heavy (Miles Labo-ml of M9 buffer for ['H]RNA. After starvation for of h80 about 10 min in either of the buffers, the cells were gEC-1 imm-' again centrifuged in 4 ml of arginine-less medium. A the ribopo-1-ml amount each of these resuspended cells was disin the ratio tributed to each of 9 ml of fresh minimal medium rt/wt). To an containing either (i) L-arginine (100 jig/ml), (ii) Lzrg imm^¢"8"7 ornithine (100 ;g/ml), (iii) L-citrulline (100 pg/ml), or kining 100 jg (iv) unsupplemented minimal medium. After about phage DNA 10 min of incubation, either "2P (5 jsCi/ml as k solution (1 NaH,"9PO, in water (the specific activity of "'P was L . The total 500 mCi/mmol; New England Nuclear Corp.) or iters of 10% ['H]uridine (25 pCi/ml, New England Nuclear Corp.) NaOH were was added for a period of 2 min, the pulse was g-water bath quenched by pouring in frozen Tris buffer or M9 medium, and RNA was subsequently isolated by the technique of Godson (6) .
Thawed cells were centrifuged at 8,000 rpm for 8 min at 4 C and suspended in 0.4 ml 25% sucrose (in 0.01 M Tris-hydrochloride, pH 6.8), followed by the addition of 0.1 ml lysozyme-ethylenediaminetetraacetic acid(EDTA) solution (5% lysozyme in 0.1 M EDTA).
A lysing mixture containing 0.1 ml of 5% Brij 58 in 0.1 M Tris-hydrochloride, pH 7.2, per ml, 0.1 ml of 0.1 M MgSO4 per ml, 0.05 ml of 1 mg of deoxyribonuclease (Worthington Chemicals, ribonuclease [RNase] free) per ml, and 0.4 ml of 1% sodium deoxycholate in 0.1 M Tris-hydrochloride, pH 8.6, was added to the cells, and the suspension was agitated to get complete lysis. RNA was extracted by addition of 0.1 ml of 2% Macaloid and 1.5 ml of water-saturated phenol, followed by centrifugation at 10,000 rpm for 10 min. Phenol extraction was performed three times. The radioactivity in trichloroacetic acid-precipitable fractions from the aqueous layer after final phenol extraction was determined.
Hybridization procedure. The liquid hybridization technique of Nygaard and Hall (14) and modified by Guha et al. (9) In the presence of L-ornithine or L-citrulline (Tables 1 and 2, lines 3 the argE gene is completely deleted, no hybridizable r RNA was observed (Table 3 , line 1). The radioactivity annealed with the I strand of the same phage (CBH genes) was found to be reduced considerably due to the fact that the deletion of the E gene extends into the C gene and, perhaps, extends further, as indicated by our transcription results.
The above results show that the divergence within the argECBH cluster begins somewhere between genes E and C and that the gene E is transcribed anticlockwise, or leftwards, and genes CBH are transcribed clockwise or rightward (Fig. 2) . This divergent orientation of transcription from the argECBH cluster in E. coli is in agreement with the genetical evidences (4, 11 (Table 4) . Our transcription results support the enzyme activities of the repressed and derepressed argECBH cluster under various conditions as reported by Bollon and Vogel (2). The complete repression of I RNA transcription in presence of L-citrulline corroborates with their findings when they have found repression of argE gene activity by L-citrulline in an arginine auxotroph, with limited supply of arginine in the medium, as in our case (we had an arginine-less medium). They have observed further that the repression by citrulline is dependent on the condition of arginine restriction in the medium. This is perhaps true for other intermediates like L-oMithine. The argE gene product, acetyl ornithinase, coverts N-acetyl ornithine to ornithine, and citrulline is produced from ornithine by omithine transcarbamylase, the argF gene product. If the nature of the repression of the argCBH genes in the presence of intermediates is carefully analyzed from our transcription data, we observe that the CBH genes are repressed in presence of ornithine and citrulline in a variable amount although there is a complete repression of the E gene transcription. It appears that, unlike other operons, argECBH cluster can be repressed by its intermediates and there is a gradient of repression by the intermediates, which perhaps is related to the sequence in the biosynthetic pathway.
The above results show that the arg mRNA transcription from the arg ECBH cluster is divergently oriented as in the biotin locus of E. coli (8) and the expression of the genes is under transcriptional control. The position of the operator in the argECBH cluster is proposed to be between genes E and C of the cluster.
